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INTRODUCTION 

This  document supplements Apollo 5 Mission Report ,  MSC-PA-R-68-7, 
and p r e s e n t s  a d e t a i l e d  communications system eva lua t ion  based on data 
t h a t  were riot a v a i l a b l e  a t  t h e  t i m e  t h e  b a s i c  r epor t  was publ i shed .  

The Apollo 5 mission,  t h e  f irst  wi th  a lunar module, w a s  flown on 
January 22 and 23, 1968. 
performance, and t h e  ana lys i s  of t h e  communications system performance 
w a s  p re sen ted  i n  s e c t i o n  6.8 of the mission r e p o r t .  
items concerning communications system performance remained unanswered 
and w i l l  be d iscussed  i n  t h i s  supplemental r e p o r t .  

The mission was eva lua ted  i n  terms of expected 

However, several 

SUMMARY 

Four ques t ionable  areas r e l a t i v e  t o  communications system perform- 
ance were s t i l l  under i n v e s t i g a t i o n  when t h e  Apollo 5 Mission Report w a s  
publ i shed .  These have now been resolved.  

a .  An excess ive  number of i nco r rec t  S-band ranging a c q u i s i t i o n s  
were experienced during Apollo 5 .  These were found t o  have r e s u l t e d  
from t h e  s p a c e c r a f t  antenna f a c i n g  away from t h e  Manned Space F l i g h t  N e t -  
work (MSFT?) s i t e  antenna. Moreover, from t h i s  o r i e n t a t i o n ,  t h e  s p a c e c r a f t  
antenna ( a  f i x e d ,  nonswitchable,  omnidi rec t iona l  u n i t )  had poor r a d i a t i o n  
d i s t r i b u t i o n  c h a r a c t e r i s t i c s .  Therefore,  a t  t h e s e  times, e r r a t i c  commun- 
i c a t i o n s  system performance w a s  no t  unusual,  and r e s u l t e d  i n  i n c o r r e c t  
ranging  a c q u i s i t i o n s .  

b .  The spacecraf t - rece ived  UHF s i g n a l  power showed abrupt  f luc tua -  
t i o n s  which adverse ly  a f f e c t e d  command recep t ion .  
c r a f t  f a u l t  was determined t o  be  t h e  cause.  

An i n t e r m i t t e n t  space- 

e .  The measured S-band communications system performance w a s  com- 
pared  wi th  p r e d i c t i o n s  based on a c t u a l  f l i g h t  parameters.  The d a t a  com- 
pared  t o  w i t h i n  p lus  or minus 3 dB when t h e  look angle  between t h e  space- 
c r a f t  and MSFN s i t e  w a s  i n  t h e  favorable  reg ion  of t h e  spacec ra f t  antenna 
p a t t e r n  and t h e  s i t e  e l eva t ion  angle was  above 5 degrees .  S p e c i f i c a l l y ,  
t h e  average amount t h a t  t h e  measured values  v a r i e d  from t h e  p red ic t ed  
values  w a s  approximately 3 dB (both  high and low) .  Included i n  these 
averages were d i f f e rences  i n  both d i r ec t ions  of up t o  10 dB. A 10-dB 
d i p  below p r e d i c t i o n s  could,  a t  lunar  d i s t ances  , adverse ly  a f f e c t  com- 
munication system performance. 
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d. The t e l eme t ry  channel perforniance during prelaunch checkout w a s  
worse than  had been predic ted .  This w a s  a t t r i b u t e d  t o  a f a i l u r e  of t h e  
p r e d i c t i o n s  t o  consider  a system noise  temperature  inc rease  caused by an 
MSF'N s i t e  e l eva t ion  angle  of less than  5 degrees and t o  an a t t e n u a t o r  i n -  
s e r t e d  between t h e  s i t e  antenna and p reampl i f i e r .  

The most s i g n i f i c a n t  result of t h i s  i n v e s t i g a t i o n  w a s  t h a t  v i r t u a l l y  
a l l  of t h e  numerous ins tances  of inadequate  S-band s i g n a l  s t r e n g t h  were 
d i r e c t l y  a t t r i b u t a b l e  t o  unfavorable s p a c e c r a f t  o r i e n t a t i o n .  Furthermore,  
S-band communications would have been g r e a t l y  improved i f  t h e  c a p a b i l i t y  
t o  swi tch  t o  t h e  optimum spacec ra f t  antenna had e x i s t e d .  
i s  s t r i c t l y  an unmanned luna r  module problem and dur ing  a l l  f u t u r e  manned 
missions,  t h e  crew w i l l  have t h e  c a p a b i l i t y  t o  improve comunica t ions  by 
swi tch ing  t o  t h e  antenna most nea r ly  p o i n t i n g  t o  t h e  ground s t a t i o n .  

However, t h i s  

COMMUNICATIONS SYSTEM ANALYSIS 

The fol lowing paragraphs p re sen t  t h e  results of t h e  a d d i t i o n a l  i n -  
v e s t i g a t i o n  i n t o  t h e  communications system performance. 

INCORRECT RANGE CODE ACQUISITIONS 

During t h e  mission,  t h e  downlink rece ived  S-band c a r r i e r  power ex- 
h i b i t e d  l a r g e ,  r a p i d  v a r i a t i o n s .  There were a l s o  t imes when it w a s  weak. 
These pe r iods  of low s i g n a l  l e v e l  and r a p i d  f l u c t u a t i o n s  caused some 
ope ra t iona l  problems ; t h a t  i s  , an excess ive  number of i n c o r r e c t  ranging 
a c q u i s i t i o n s .  The problems were found t o  have occurred inva r i ab ly  when 
t h e  a c t i v e  spacec ra f t  antenna was f ac ing  a w a y  from t h e  ground s t a t i o n .  
I n  t h i s  region,  t h e  antenna p a t t e r n  i s  heav i ly  sca l loped  and most un- 
favorable .  T h i s  conclusion i s  s i g n i f i c a n t  cons ider ing  t h a t  t h e  l u n a r  
module w a s  launched i n  a f i x e d  antenna conf igu ra t ion  (omni 21, whereas 
manned lunar modules w i l l  have t h e  c a p a b i l i t y  t o  improve communications 
by swi tch ing  t o  t h e  antenna t h a t  i s  most nea r ly  po in t ing  t o  e a r t h .  

Six s t a t i o n  passes  had i n c o r r e c t  range code a c q u i s i t i o n s  which could 
b e  a t t r i b u t e d t o  f a s t  s i g n a l  v a r i a t i o n s  or low s i g n a l  l e v e l s .  Data f o r  
f i v e  o f  t h e  s i x  passes  were a v a i l a b l e  and have been analyzed.  

Figures  1 through 5 and t a b l e  I show t h a t  a l l  b u t  one of t h e  incor-  
r e c t  a c q u i s i t i o n s  ( t h e  one a t  t h e  Ascension s i t e  during r evo lu t ion  5 a t  
6:40:52) occurred when t h e  look angles  between t h e  spacec ra f t  and MSF'N 
s i t e  were wi th in  t h e  unfavorable reg ion  of t h e  antenna p a t t e r n ,  t h u s  
r e s u l t i n g  i n  weak rece ived  s i g n a l s .  However, could t h e  omni 2 antenna 
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have been s e l e c t e d ,  t h e  downlink rece ived  c a r r i e r  power would have been 
improved by 1 7  t o  26 dB. The only i n c o r r e c t  ranging a c q u i s i t i o n  dur ing  
f avorab le  antenna coverage w a s  caused by an a t tempt  t o  achieve a range 
a c q u i s i t i o n  during a s i t e  antenna keyhole when t h e  downlink r ece ived  car -  
rier power w a s  less than  minus 140 dBm. 

The i n c o r r e c t  range code a c q u i s i t i o n  a t  4:41:28 (Texas s i t e ,  revo- 
l u t i o n  3) has  been s e l e c t e d  t o  show t h a t  antenna switching from omni 2 t o  
omni 1 would have provided favorable  communications coverage. F igure  6 
shows a comparison of t h e  gains  o f  t h e  a c t i v e  (omni 2 )  and i n a c t i v e  
(omni 1) antennas.  The omni 2 gain w a s  weak and r ap id ly  vary ing  a t  t h e  
t i m e  of t h e  ranging a c q u i s i t i o n  at tempt ,  whereas t h e  i n a c t i v e  antenna 
ga in  would have been cons i s t en t ly  h ighe r ,  r e s u l t i n g  i n  b e t t e r  comunica-  
t i o n s  coverage. Figure 7 i s  a t y p i c a l  example of t h e  re la t ive ga ins  of  
omni 1 and omni 2 antennas.  This f i g u r e  shows overlapping coverage, 
which al lows f o r  switching t ime,  and i n d i c a t e s  t h a t  a combination of bo th  
antennas would have provided 360-degree coverage i n  t h e  p lane  wi th  t h e t a  
of 90 degrees .  

UHF RECEIVED SIGNAL STRENGTH ANOMALY 

Abrupt i nc reases  and decreases i n  t h e  rece ived  UHF s i g n a l  power a t  
t h e  command r e c e i v e r  were observed throughout t h e  mission.  During t h e  
t ime pe r iod  fol lowing t h e  abrupt  i nc reases ,  t h e  rece ived  s i g n a l  power 
corresponded t o  p r e d i c t i o n s .  However, dur ing  t ime per iods  fo l lowing  t h e  
abrupt  decreases ,  t h e  rece ived  s i g n a l  power w a s  approximately 40 dB below 
t h e  p red ic t ed  levels .  This decrease caused t h e  rece ived  s i g n a l  power t o  
be  below t h e  message acceptance th re sho ld  of  t h e  command r e c e i v e r .  

S ince  p u b l i c a t i o n  of t h e  app l i cab le  Anomaly Report ,  new d a t a  have 
become a v a i l a b l e .  The p r i n c i p a l  d i f f e r e n c e  between t h e  data available 
t h e n  and t h o s e  presented  i n  t h i s  s e c t i o n  i s  t h e  a d d i t i o n  of rece ived  UHF 
s i g n a l  s t r e n g t h  p r e d i c t i o n s ,  MSFN antenna e l eva t ion  ang le s ,  and spacec ra f t -  
t o - s i t e  look ang le s .  All of these  a d d i t i o n a l  data are based on measured 
spacec ra f t  a t t i t u d e s  and t h e  best-est imate  t r a j e c t o r y .  Consequently, addi- 
t i o n a l  i n v e s t i g a t i o n  w a s  conducted. 

The Anomaly Report l i s t e d  f i v e  p o s s i b l e  sources  of t h e  problem: 

a. Low MSFN antenna e l eva t ion  

b. I n t e r m i t t e n t  MSFN t r a n s m i t t e r  opera t ion  

c .  Improper opera t ion  of  one of t h e  spacec ra f t  antennas 

d. Poor antenna coverage 

e .  I n t e r m i t t e n t  spacec ra f t  hardware opera t ion .  
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The Anomaly Report p resented  t h e  conclusion t h a t  i n t e r m i t t e n t  space- 
c r a f t  hardware ( source  e )  w a s  t h e  problem. 
results of a d d i t i o n a l  analyses  made on t h e  f i r s t  fou r  sou rces .  An analy- 
s is  of t h e  f i f t h  source w a s  p resented  a t  l eng th  i n  t h e  Anomaly Report and 
w i l l  no t  be  discussed f u r t h e r .  

This supplement p re sen t s  t h e  

The f i r s t  source of s i g n a l  s t r e n g t h  f l u c t u a t i o n s  - low s i t e  e leva-  
t i o n  angles  - w a s  more p reva len t  t han  had previous ly  been expected.  
Seve ra l  o f  t h e  abrupt  changes i n  rece ived  UHF s i g n a l  s t r e n g t h  dur ing  t h e  
Carnarvon and H a w a i i  coverages were discovered t o  occur below a s i t e  
e l e v a t i o n  angle .  of 5 degrees .  These p a r t i c u l a r  f l u c t u a t i o n s  , previous ly  
a t t r i b u t e d  t o  a suspec ted  spacec ra f t  hardware f a u l t ,  a r e  now considered 
t o  b e  ope ra t iona l  problems (due t o  t h e  e f f e c t s  of mul t ipa th)  and are not  
r e l a t e d  t o  t h e  problem under i n v e s t i g a t i o n .  
are denoted i n  t a b l e  I1 by a s t e r i s k s .  ) 

(The a f f e c t e d  s t a t i o n  passes  

The second poss ib l e  source ,  i n t e r m i t t e n t  ground t r a n s m i t t e r  opera- 
t i o n ,  w a s  considered un l ike ly .  Fur ther  ana lys i s  has removed t h i s  as a 
p o s s i b i l i t y  because t h e  Texas, Carnarvon, and M e r r i t t  I s l a n d  s t a t i o n s ,  
and t h e  Rose Knot Vic tor  s h i p  a l l  experienced passes  which were bo th  
c o n s i s t e n t  wi th  p r e d i c t i o n s  and approximately 40 dB below p r e d i c t i o n s  
during part or a l l  of t h e  p a s s .  Therefore ,  i f  a f a u l t y  s i t e  t r a n s m i t t e r  
caused t h e  f l u c t u a t i o n s ,  all four  s t a t i o n  t r a n s m i t t e r s  would have had t o  
experience t h e  same t y p e  of i n t e r m i t t e n t  ope ra t ion .  This i s  considered 
improbable. 

A t h i r d  unl ike ly  source w a s  improper ope ra t ion  of one of t h e  space- 
c r a f t  antennas.  This w a s  a l so  removed as a p o s s i b i l i t y  by c lose  examina- 
t i o n  of d a t a  f r o m  t h e  Texas s t a t i o n .  A s  shown i n  t a b l e  11, measured re- 
ceived s i g n a l  s t r eng th  agreed wi th  p red ic t ions  for t h e  pass  over t h e  
Texas s t a t i o n  f o r  t h e  f irst  r evo lu t ion .  However, during t h e  r evo lu t ion  2 
pass  over  t h i s  s t a t i o n ,  t h e  s i g n a l  s t r e n g t h  w a s  c o n s i s t e n t l y  40 dB below 
p r e d i c t i o n s .  S i g n i f i c a n t l y ,  during both t h e s e  passes  over t h e  Texas sta- 
t i o n ,  t h e  spacec ra f t - to - s i t e  look angle  progressed  from one antenna t o  
t h e  o the r .  Since performance w a s  c o n s i s t e n t  from one antenna t o  t h e  
o t h e r ,  an  inope ra t ive  antenna d i d  not cause t h e  problem. 

The fou r th  source was t h e  p o s s i b i l i t y  t h a t  t h e  bes t -es t imate  tra- 
j e c t o r y  and measured spacec ra f t - to - s i t e  look angles  would r e v e a l  a r eas  
of poor antenna coverage co inc ident  with t h e  s i g n a l  s t r e n g t h  f l u c t u a t i o n s .  
This  , however, was not  t h e  case .  For example, f i g u r e s  8 through 11 show 
comparisons of measured and p red ic t ed  rece ived  UHF s i g n a l  s t r e n g t h  f o r  - passes  over t h e  Bermuda, Texas, and Carnarvon s t a t i o n s .  These passes  are 
t y p i c a l  and show t h a t  t h e  areas of s i g n a l  degradat ion could not  be pre-  
d i c t e d  and t h e r e f o r e ,  were not  due t o  t h e  e f f e c t s  of antenna p a t t e r n s  or 
poor spacec ra f t - to - s i t e  look ang le s .  
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It i s  concluded t h a t  t h e  abrupt changes i n  rece ived  UHF s i g n a l  
s t r e n g t h  were not t h e  result of ground t r a n s m i t t e r  problems, an inopera- 
t i v e  spacec ra f t  antenna, o r  poor antenna p a t t e r n s .  
p o s s i b i l i t i e s  , t h e  a d d i t i o n a l  i nves t iga t ion  has confirmed t h e  o r i g i n a l  
conclusion,  i s o l a t i n g  t h e  f a u l t  o f t h e  i n t e r m i t t e n t  opera t ion  t o  t h e  
f l i g h t  hardware. S p e c i f i c a l l y ,  t h e  f a u l t  can be  i s o l a t e d  e i t h e r  t o  t h e  
RF s t a g e  of t h e  d i g i t a l  command assembly or t o  t h e  coax ia l  cable  assembly 
connecting t h i s  assembly t o  t h e  d ip lexer .  

I n  r u l i n g  out  t h e s e  

S-BAND RF SYSTEM PERFORMANCE 

Five t y p i c a l  s t a t i o n  passes ( l i s t ed  i n  t a b l e  111) were s e l e c t e d  
f o r  comparison of measured received downlink S-band c a r r i e r  power wi th  
p r e d i c t e d  va lues .  
t e r n s  f o r  omni 2, measured spacecraf t  a t t i t u d e s ,  and t h e  best-est imate  
t r a j e c t o r y .  I n  genera l ,  as  shown by table  I11 and f igu res  12 through 16 
t h e  measured and p red ic t ed  average S-band c a r r i e r  power l e v e l s  were wi th in  
approximately 3 dB when t h e  spacecraf t - to-s i te  look angle  w a s  i n  t h e  favor- 
ab le  reg ion  of t h e  omni 2 antenna p a t t e r n  and t h e  s i t e  e l e v a t i o n ' a n g l e  
w a s  above 5 degrees .  S p e c i f i c a l l y ,  t h e  average amount t h a t  t h e  p red ic t ed  
va lues  va r i ed  from t h e  measured values w a s  approximately 3 dB (both  above 
and below).  
t i o n s  of up t o  10 dB. I f  t h e  S-band c a r r i e r  power should d ip  10 dB below 
p r e d i c t i o n s ,  communication system performance at luna r  d i s t ances  could be 
adverse ly  a f f e c t e d .  

The p red ic t ions  were based on f u l l s c a l e  antenna pa t -  

Included i n  t h e s e  averages were d i f f e rences  i n  both d i rec-  

PRELAUNCH BIT ERROR RATE DISCREPANCY 

P r i o r  t o  t h e  launch of Apollo 5 ,  b i t - e r r o r - r a t e  t e s t s  were conducted 
a t  Kennedy Space Center pr imar i ly  t o  determine whether i n c i d e n t a l  phase 
modulation e x i s t e d  wi th in  t h e  spacec ra f t .  No such modulation w a s  found; 
however, dur ing  t h e  t e s t ,  t h e  measured b i t  e r r o r  r a t e s  (as compared wi th  
rece ived  c a r r i e r  power) were discovered t o  be  1 t o  2 dB lower than  had 
been p red ic t ed .  

Reevaluation of t h e  pred ic t ion  c a l c u l a t i o n s  revea led  two f a u l t y  
a r e a s :  antenna temperature and c i r c u i t  loss r a t i o .  The o r i g i n a l  pre- 
d i c t i o n  of  antenna temperature assumed a 5-degree antenna e l eva t ion  
angle  a t  t h e  Merritt I s l a n d  S i t e ,  r e s u l t i n g  i n  an antenna temperature  of 
90' K .  
150' K antenna temperature  w a s  determined t o  be more r e a l i s t i c .  

For t h i s  t e s t ,  however, a zero degree e l e v a t i o n  angle w i t h  a 

Also, t h e  o r i g i n a l  p red ic t ion  assumed a 0.5 dB c i r c u i t  loss  between 
This t es t ,  however, re- t h e  antenna and preampl i f ie r  a t  Mer r i t t  I s l a n d .  

qu i r ed  a d d i t i o n a l  a t t e n t u a t i o n .  



The cor..--ned e f f e c t  of t h e  a d d i t i o n a l  a t t e n u a t i o n  and t h e  updated 
antenna no i se  temperature  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  system no i se  
temperature  from 300" K t o  480" K .  A 2 dB i n c r e a s e  i n  system no i se  t h a t  
caused a s h i f t  i n  t h e  p r e d i c t e d  b i t  e r r o r  ra te  curve r e s u l t e d  i n  much 
be t te r  c o r r e l a t i o n  wi th  t h e  measured b i t  error rate curve.  F igure  17  
shows t h e  measured and p r e d i c t e d  b i t  e r r o r  rates f o r  t h e  primary t r a n s -  
ponder wi th  a measured modulation index of  1 .12  r ad ians .  F igure  18 shows 
both  measured and p red ic t ed  b i t  e r r o r  r a t e s  for t h e  secondary t ransponder  
w i t h  a measured modulation index of 1 .03  r ad ians .  These two f i g u r e s  show 
t h a t  t h e  p red ic t ions  based on t h e  h ighe r  system no i se  temperature  of 
480" K ag ree  w e l l  wi th  t h e  measured r e s u l t s .  

~ 

I n  conclusion, t h e  discrepancy between t h e  measured and p r e d i c t e d  
prelaunch b i t  e r r o r  rates w a s  probably caused by an overs ight  i n  calcu-  
l a t i o n  of  t h e  system no i se  temperature .  
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Omni 2 antenna - descent configuration 

Scalloped region (less than or 
equal to -2 dB antenna gain) 
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Figure 1. - Received S-band downlink carrier power and look angles, Guaymas, revolution 2. 
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Omni 2 antenna - descent configuration 
Scalloped region (less than or 
equal to -2 dB antenna gain) 

Phi ,  e ,  deg 

Time, h k m i n  

Figure 2. - Received S-band downlink carrier power and look angles, Texas, revolution 3. 
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+X 

Ornni 2 antenna - ascent configuration 

a Scalloped region (less than or 
equal to -2 dB antenna gain) 

Figure 3. - Received S-band downlink carrier power and look angles, Ascension, revolution 5. 
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Omni 2 antenna - ascent configuration 
Scalloped region (less than 
or  equal to -2 dB antenna gain) 
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Figure 5. - Received S-band downlink carrier power and look angles, Hawaii, revolution 5. 



Time, hr:min 

Figure 6.- Active and inactive antenna gains, Texas, revolution 3 .  
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Figure 7.- Omnidirectional gain plot, descent configuration (8  = 90 deg). 
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Omni Zantenna - descent conf igurat ion 

I S c a l l o p e d  region (less than or 
equal to - 2  dB antenna gain) 

Phi ,  + ,  deg 

Time, hr:min 

Figure 12. - Received S-band downl ink car r ie r  power and look angles, Carnarvon, revolut ion 1. 
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Omni 2 antenna - descent configuration 

a Scalloped region (less than or 
equal to -2 dB antenna gain) 

Figure 13. - Received S-band downlink carrier power and look angles, Texas, revolution 1. 
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I Figure 14. - Received S-band downlink c a r r i e r  power and look angles, Carnarvon, revolut ion 3. 

t X  

. 

. 

Omni 2 antenna - descent configuration 
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Omni 2antenna - descent configuration 

a Scalloped region (less than or 
equal to -2 dB antenna gain 

Phi ,  o ,  deg 

Figure 15. - Received S-band downlink carrier power and look angles, Guaymas, revolution 4. 
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Phi, * ,  deg 

Ground station keyhole r 

Figure 16. - Received S-band downlink carrier power and look angles, Texas, revolution 4. 
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Figure 17.- Bit  error rate versus recieved carrier power, primary transponder. 
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Figure 18.- B i t  error rate versus power carrier power, secondary transponder 
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